ABSTRACT -(Biosystematics of the genus Dahlstedtia Malme (Leguminosae, Papilionoideae, Millettieae)). Dahlstedtia has been considered a monotypic genus by some authors, but comprising two species according to others. The latter view was supported by our biosystematic study. The two species are Neotropical, mainly occurring in the Brazilian Atlantic Forest, where they are, however, allopatric. Experimental pollinations show that the two species are intersterile. After interspecific crossings, few pollen tubes reach the ovule, a dense secretion fills the micropyle and no proembryos are formed. Probably, there is no gene flow between species, but if it should occur, no hybrids would be formed. The present work confirms Burkart's taxonomic view, according to which Dahlstedtia comprises at least two species: D. pinnata and D. pentaphylla.
Introduction
The genus Dahlstedtia Malme belongs to the Leguminosae, subfamily Papilionoideae, tribe Millettieae (Geesink 1984) , with two described species: D. pinnata (Benth.) Malme (type species) and D. pentaphylla (Taub.) Burkart. Species descriptions are confused with regard to floral morphology and even Burkart (1957) , who recognized them as two distinct species, cited specimens of one taxon under the second one. As Dahlstedtia species present low fruit and seed set, collections with fruiting specimens are sparse, especially for D. pinnata (only four fruiting specimens were observed in this study). As a consequence, the genus was only established in 1905, when the fruit was seen for the first time by Malme in Stockholm (Malme 1905) . Bentham (1862) had previously had problems with D. pinnata, which he treated as "?Camptosema ?pinnatum". Similarly, D. pentaphylla, despite its description by Taubert (1889) as "Camptosema ?pentaphyllum", was only transferred to Dahlstedtia in 1957 when Burkart could verify the fruit morphology (Burkart 1957) . Despite other morphological differences between species of Camptosema and the species included nowadays in Dahlstedtia, the indehiscent fruit of Dahlstedtia was one of the essential characters used in the generic circumscription by Malme (1905) .
Since the establishment of the genus by Malme in 1905, no taxonomic revision has been undertaken with Dahlstedtia, although Hutchinson (1964) , Geesink (1981) and Vanni & Rodríguez (1999) considered Dahlstedtia as a monotypic genus, including only D. pinnata. Teixeira & Gabrielli (2000) studied stem and root anatomy of the described Dahlstedtia species to search of helpful characters for taxa delimitation. Most of the distinctive characters found in the vegetative axis are quantitative and need to be utilized with caution. However, the difference in the origin of secretory cavities in the shoot apex was considered a good character in species distinction by those authors.
Representatives of Dahlstedtia are shrubs or trees, with conspicuous papilionate flowers. They have been registered from Brazil, especially in the Atlantic Forest (Geesink 1981) , but the full distribution have never been established. Phytosociological studies from the Northeastern Atlantic Forest in São Paulo State (Picinguaba and Ubatuba) revealed a low density of D. pinnata, suggesting that it is a rare species (A. Takahasi, unpublished data).
Based on descriptions of Malme (1905) and Burkart (1957) and on additional morphological characters observed at the field it is possible to distinguish two morphs of Dahlstedtia: (1) plants with pendant inflorescence, flowers with geranium-red corolla, and conspicuous lenticels on the floral branches, described as D. pentaphylla (Taub.) Burkart; (2) and plants with erect inflorescence, flowers with purple corolla, and inconspicuous lenticels on the floral branches, as D. pinnata (Benth.) Malme.
The aim of the present work was to determine whether recognition of two species based on these characters can be justified. The following questions were addressed: Are there in fact two species, and if so are their distributions sympatric or allopatric? And if allopatric, are there any ecological factors favoring disjunction? Is there any overlap in their flowering and fruiting periods? And are they intersterile? In addition, specimens of Dahlstedtia were studied in the following herbaria: HB, MBM, R, RB, SP, SPSF, UEC and UPCB. All label information was recorded. Geographical distribution -Geographical coordinates of the localities were used to elaborate a map using VersaMap 2.07 Shareware software (http://www.versamap.com). Locality altitudes were plotted in a box-plot for both species utilizing Systat 9 (© SpSS Inc. Pollen germination on the stigma, pollen tube growth and fertilization events were studied after manual interspecific pollinations. The number of flowers per treatment was at least 10. Hand pollinated pistils were collected 6, 12, 24, 48, 72, 96, 120 and 144 h after pollination. Features of pollen tube growth in the stigma and style were investigated using fluorescence microscopy after clearing of the pistils in NaOH and staining in Aniline Blue (Martin 1959) . Serial sections were made after fixation of the material in Karnovsky solution for 24 h (Karnovsky 1965) , gradual dehydration in an alcohol series and embedding in paraplast (Prakash 1986 ). The section thickness varied from 5 to 8 µm. Sections were stained with Safranin-Fast Green (Prakash 1986 ) and permanent slides were mounted in Epoxi resin. As control procedures, these results were compared to those of self-and cross-pollination/ fertilization in the same plants of D. pentaphylla and D. pinnata, published by Teixeira et al. (2001) . Data analysis -Relationship between specimens occurrence and their geographical variables (latitude, longitude, and altitude) was analyzed by logistic regression (Hosmer & Lemeshow 1989) in Systat 9, utilizing as observation each locality where specimens occur. As the two specimens are not sympatric, data of presence and absence for them are complementary, revealing opposing information. Therefore, in logistic regression data of presence and absence of only one arbitrarily chosen specimen (dependent-variable), D. pentaphylla, were utilized against geographical data (independent-variables).
Material and methods

Results
Using the morphological criteria noted above, the herbarium collections studied were distinguished as follows: The analysis by logistic regression revealed that the presence of D. pentaphylla (or absence of D. pinnata) is positively related to the latitude and altitude of occurrence (table 1). Longitude of occurrence, when added to the model, caused imprecision of partial coefficients of logistic regression (increasing the standard error), probably due to the great correlation of the longitude to the latitude (r = 0,842) (Zar 1996) . When Flowering and fruiting -Field studies revealed isolated plants occurring in moist habitats, inside the forest. Some individuals could be found in flower throughout the year when nearly two meters high. Individuals inside the forest showed a shorter flowering period than those found at the forest margin. Fruiting individuals were scarcely found in a six-year period of observations (1993-1995 and 1996-2000) . They showed vegetative propagation (caulinar origin). Experimental pollinations -D. pentaphylla × D. pinnata: pollen grains germinated on the stigma after 6 h (figure 3); pollen tubes reached the placenta after 24 h, but did not fertilize the ovules; no dilated callose plugs were observed, nor was tube thickness irregular (figure 4); after 48 h pollen tubes were visible in the micropyle of the first and third ovules.
D. pinnata × D. pentaphylla: pollen grains germinated on the stigma after 12 h; after 24 h pollen tubes with dilated plugs were visible in the style and near the placenta; pollen tubes showed regular and irregular growth, with thickness variation (figures 5, 6). Some tubes reached the micropyle after 48 h, but most of them did not penetrate the ovule, but rather presented an irregular trajectory (figures 7, 8) .
Pollen tubes penetrated the ovule through the micropyle, reached the nucellus and, soon afterwards, the embryo sac. Usually only one ovule in each ovary was fertilized. Fertilization was observed 48 h after interspecific pollination, evident by the presence of endospermic nuclei in division. The absence of fertilization was indicated by the presence of intact synergids and an organized embryo sac. Most of the ovules showed degeneration signs after 48 h, characterized especially by the thickening of the outer periclinal wall of the nucellus cells and by compression of the inner integument. The non-fertilized embryo sac collapsed 96 h after pollination.
In D. pinnata × D. pentaphylla an embryo mother cell was observed in an atypical micropylar place of the embryo sac, 96 h after pollination. In all analysed ovules of the crossings, a dense mucilaginous secretion filled the whole micropylar canal (figure 9). The mucilaginous nature of the secretion was evident by staining behaviour: material stained by Safranin after fixation with FAA presented pink coloration and flocculation, common when secretion is mucilaginous (O 'Brien & McCully 1981) .
Discussion
Despite the similarity between species of Dahlstedtia in stem and root anatomy (Teixeira & Gabrielli 2000) , in embryogenesis (Teixeira et al. 2001) and in floral development (Teixeira & Ranga, unpublished data) , the present work confirms Burkart's position (1957) that Dahlstedtia comprises at least two species: D. pinnata and D. pentaphylla.
Dahlstedtia pentaphylla and D. pinnata show an allopatric distribution pattern, occurring in the coastal forest of Southeasthern and Southern Brazil. The presence of topographical barriers represented by the "Campos do Jordão", "Paraitinga" and "Juqueriquerê" Plateaus would have imposed a geographical isolation of the Dahlstedtia species in São Paulo State. The occurrence of D. pinnata on the western side of cited geographical barriers is probably due to an artificial introduction of this species at "Estação Biológica de Boracéia".
The Brazilian Atlantic coastal forests, according to the hypothesis of rain forest refugia, are considered to have been a refugium during the Pleistocene, which is suggested by studies on the distribution patterns of 127 species (Mori et al. 1981) , endemism of Mouriri (Prance 1982) and occurrence of 940 endemic species of 1,288 listed by Gentry (1982) for this region. Preferential occurrence of Dahlstedtia species in the Atlantic coastal rain forest of Southeasthern and Southern Brazil may be attributed to the similarity in the physical characterization between the southeasthern and southern coast areas (see Bigarella et al. 1994) . Nevertheless, climatic differences between Brazilian states exist. The climate of the northern coast of São Paulo State and of the coast of Rio de Janeiro State, according to FIBGE (1986) is characterized as Koeppen's Cfa -moist, hot summer (Koeppen 1948) whereas of the southern coast of São Paulo State and the coast of Paraná and Santa Catarina States as Koepen's Cfb -no dry period, warm summer (Koeppen 1948) . Such differences can be related to the distribution pattern of the species, with D. pentaphylla occurring at higher latitudes than D. pinnata, as indicated by geographical distribution and logistic regression. Distribution per altitude showed that both species are found at high and low altitudes; however, the greatest number of D. pentaphylla individuals was registered at high altitudes. Therefore, altitude may also have an effect on the pattern of distribution of the species.
No studies on the pollinators of Dahlstedtia species have been published. Sousa & Sousa (1981) , based on floral morphology, suggested that the species are ornithophilous. S. Buzato (unpublished data) observed a female hummingbird (Ramphodon naeviusPhaetorninae) visiting flowers of D. pinnata, in Picinguaba. Individuals of this long-beaked hummingbird species are territorial and occur in the interior of undisturbed forests. They visit flowers at constant intervals and are looking for high reward nectar, i. e., for higher concentration and lower volume of nectar (A. Araújo, unpublished data). The territorial behavior of this hummingbird certainly limits pollen dispersal and, consequently, pollination between neighbouring individuals is favored (Proctor et al. 1996) . If D. pinnata and D. pentaphylla are preferentially pollinated by territorial hummingbirds like Ramphodon naevius, and their territories are really small, pollen flow between geographically disjunct species would not occur.
Species are intersterile, since although pollen tubes were observed at the micropylar entrance after 48 h, no proembryos were formed from interspecific crosses, but rather between 72 and 96 h after pollination, ovules began to degenerate. Teixeira et al. (2001) , working on the same individuals of Dahlstedtia, found that both species are self-compatible, with seemingly normal germination of self pollen grains on the stigmatic surface, in the morphology of the pollen tubes growing in the stylar and placental tissues, and in the embryogenesis. Moreover, the micropylar secretion observed by ourselves following interspecific crosses was greater than that observed by Texeira et al. (2001) following their intraspecific crosses, suggesting that this secretion may act as a barrier to the pollen tube entrance. Such observation indicates a mechanism preventing gene flow between the two species.
A difference in the pollen tube growth was observed in interspecific crossings, depending on the pollen donor. Pollen tube growth into the style and placenta was regular in D. pentaphylla × D. pinnata, but irregular in D. pinnata × D. pentaphylla, suggesting that D. pinnata has developed some characteristics of style specifity.
In conclusion, D. pentaphylla and D. pinnata are geographically isolated, although they flower more or less synchronously. Experimental pollinations show the two species to be intersterile. These species therefore conform well to Mayr's (1992) biological species concept, which defines species as interbreeding communities that are reproductively isolated from one another. Experimental work on natural populations of Dahlstedtia species indicates that a prezygotic isolating mechanism is acting, besides the occurrence of external barriers to gene flow, i. e., the two species with a somewhat controversial history do in fact exist.
